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(54) Title of the Invention: NOISE SOUND GENERATOR 
[0013] 

[Embodiment] The following describes the details of the 
present invention with reference to the accompanying drawings. 
FIG. 1 shows a noise sound generator related to an embodiment 
of the invention. The generator is used, for example, as a sound 
source of an electronic instrument. A clock-related circuit 
is not shown in the drawings but operates according to the 
predetermined (may be constant or variable) sampling period. 
A white noise generator 2 generates a white noise signal, which 
contains a certain level of all frequency components in a wide 
frequency band. FIG. 2 (a) illustrates a diagram showing an 
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example of spectrum envelope of the white noise signal generated 
from the white noise generator 2. For example, the white noise 
generated by the white noise generator 2 is assumed to be a 
digital signal whose amplitude values, including decimals, are 
randomly incremented or decremented by one. The white noise 
generation method of the white noise generator 2 may be any type 
of method such as a maximum length sequence code generation 
method using the shift register and a multiplicative 
congruential method in which random numbers are generated by 
a computer. The white noise generated by the white noise 
generator 2 is provided to a low-pass filter circuit section 
3 . The low-pass filter circuit section 3 configures an IIR-type 
filter capable of controlling the angle of the spectrum envelope 
based on a parameter SK and has a calculation section 4 and 
coefficient table 10. The calculation section 4 performs 
predetermined filter calculation for the white noise signal to 
output a noise signal (hereinafter referred to as low-pass noise 
signal) from which a high-pass component of the white noise 
signal is removed. 

[0014] In the calculation section 4, more specifically, a 
current value WN of the white noise signal is input to the 
positive input of a subtractor 5. A delay circuit 6 delays new 
output value LNc of the low-pass noise signal output from the 
calculation section 4 by one sampling time, and then provides 
the value, as the previous output value LNp of the low-pass noise 
signal, to the negative input of the subtractor 5 . As described, 
the subtractor 5 subtracts the previous output value LNp from 
the current value WN of the white noise signal. After the 
calculation result in the subtractor 5 is incremented or 
decremented by one via a limiter 8, a multiplier 9 multiplies 
the result by a filter coefficient k. For example, the filter 
coefficient k is read from the coefficient table 10 based on 
the parameter SK provided according to the set operation on the 
operation panel (not shown) of an electronic instrument, and 
is then provided to the multiplier 9. The parameter SK is a 
parameter for controlling the skirt portion of noise f ormant . 
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In this embodiment, eight parameters SK can be set to 0 to 7, 
and the filter coefficient k with a proper value is read 
according to the preset parameter SK. For example, the filter 
coefficient k takes the range of 0.0625 to 0.75. The 
calculation result in the multiplier 9 is provided to an adder 
11, where the result is added to the previous output value LNp 
from the delay circuit 6. The calculation result in the adder 
11 is output as new output value LNc of the low-pass noise signal . 

[0015] FIG. 2 (b) shows an example of spectrum envelope of 
the low-pass noise signal from the 'low-pass filter circuit 
section 3, which is output through the filter calculation in 
the calculation section 4 . The low-pass noise signal shows the 
rightward- falling spectral characteristics, where a high-pass 
component of the noise is removed according to the filter 
coefficient k. The angle of the rightward- falling spectral 
characteristics is controlled according to the filter 
coefficient k, that is the parameter SK. The rightward- falling 
spectral characteristics are also a factor to determine the 
characteristic of the skirt portion of the formant to be formed 
in the back stage . 

[0016] A direct current component adding section 12 in the 
middle stage adds a direct current component to the low-pass 
noise signal output from the low-pass filter circuit section 
3 . This addition is for forming a precipitous peak of the 
formant in the back stage. More specifically, the adder 13 adds 
a direct current component offset value OF, which is read from 
a table 14 based on, for example, a parameter RS according to 
the set operation on the operation panel of an electronic 
instrument, to a new output value LNc of the low-pass noise 
signal output from the low-pass filter circuit section 3. In 
this embodiment, eight parameter RS can be set to 0 to 7, and 
an appropriate direct current component offset value OF is read 
according to the preset parameter RS . For example, the offset 
value OF takes the range of 0 to 0.125. After the output from 
the adder 13 is incremented or decremented by one via a limiter 
14, the output is provided to a correlated noise generating 
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section 16 in the middle stage. 

[0017] FIG. 2 (c) shows an example of spectrum envelope of 
the low-pass noise signal output from the direct current 
component adding section 12 . The spectrum level around the zero 
frequency is enhanced due to the added direct current component . 
The enhanced part corresponds to the center f ormant frequency 
due to the modulation in the back stage, thereby resulting in 
the formation of a precipitous peak. 

[0018] The correlated noise generating section 16 correlates 
the low-pass noise signal, to which a direct current component 
is added in the direct current component adding section 12, to 
output a noise signal (hereinafter referred to as correlated 
noise signal) with further controlled frequency spectrum 
characteristics of the low-pass noise signal. The correlated 
noise generating section 16 is also provided with a calculation 
section 18 and multiplier 22. The following describes the 
overview of calculations for generating correlated noises with 
reference to FIG. 3. A value, which is determined by an 
allowable change range coefficient h based on the previous 
output value CNp of the correlated noise signal and randomly 

changes within an allowable change range CNp±h with regular 
vertical intervals in positive or negative h is acquired. The 
calculation section 18 then outputs the value as a new sample 
value CNc . A delay circuit 19 delays the new sample value CNc. 
of the correlated noise signal output from the calculation 
section 18 by one sampling time, and feeds back the value, as 
the previous output value CNp of the correlated noise signal, 
to the circuits in the calculation section 18. 

[0019] The previous output value CNp from the delay circuit 
19 is input to one of the inputs of an adder 20 or subtractor 
21. The allowable change range coefficient h is input to the 
other input of the adder 2 0 or subtractor 21 via the multiplier 
22 . The multiplier 22 multiplies a parameter BW, which controls 
a bandwidth of noise f ormant, by an appropriate coefficient to 
output the allowable change range coefficient h. The parameter 
BW can be provided according to the setting operation on the 
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operation panel of an electronic instrument and set within the 
range of 0 to 127. The multiplier 22 multiplies the parameter 
by a coefficient of 1/64 to generate the allowable change range 
coefficient h in the range of 0.0 to 2.0. The adder 20 outputs 
an absolute upper limit value U of the allowable change range 
determined by the allowable change range coefficient h based 
on the previous output value CNp. Meanwhile, the subtractor 
21 outputs an absolute lower limit value L of the allowable 
change range. The absolute upper limit value U output from the 
adder 20 is processed via an upper limit setting limiter 24, 
so that the value does not exceed the current value plus one. 
After the limiting process, the value is input to the positive 
input of the adder 26. Similarly, the absolute lower limit 
value L output from the subtractor 21 is processed via a lower 
limit setting limiter 25, so that the value does not exceed the 
current value minus one. After the process, the value is input 
to the negative input of a subtractor 26. The subtractor 26 
performs the calculation of U-L to determine the allowable 
change range between the absolute upper limit value U and the 
absolute lower limit value. L. For this allowable change range 
U-L, the maximum is 2 while the minimum is 0. 

[0020] The new output value LN of the' low-pass noise signal 
output from the limiter 14 is provided to a calculation unit 
17, where one is added to the value and then divided by 2 . This 
is because the low-pass noise signal LN, which changes within 
the range of -1 to +1, is changed within the range of 0.0 to 
1.0. 

[0021] The allowable change range data output from the 
subtractor 26 is provided to a multiplier 28, where the data 
is multiplied to the output value from the calculation unit 17. 
This means that the allowable change range data whose value is 
within the range of 0 . 0 to 2 . 0 is scaled by the low-pass noise 
signal, which randomly changes within the range of 0.0 to 1.0. 
The output from the multiplier 28 is provided to an adder 29, 
where the output is added to the absolute lower limit value L 
provided from the subtractor 21 . The absolute lower limit value 
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L is correlated with the previous output value CNp of the 
correlated noise signal. The calculation section 18 performs 
the calculation for generating correlated noises, as described 
earlier with reference to FIG. 3. The adder 29 outputs new 
sample value CNc of the correlated noise signal, which is a 
random value within the range of -1 to +1. 

[0022] FIG. 2 (d) shows an example of spectrum envelope of 
the correlated noise signal output from the correlated noise 
signal generator 16 . The correlated noise signal generator 16 
controls the allowable change range by the parameter BW to 
further control a low frequency component (output of either the 
direct current component or low frequency component) of the 
correlated noise signal. This process relates to the 
determination of the bandwidth characteristics of the formant 
to be formed in the back stage . 

[0023] A periodic waveform generating section 31 generates 
periodic waveforms including waveforms corresponding to the 
center frequency of a desired noise formant. A formant 
frequency parameter Fc, which specifies the center frequency 
of the desired noise formant, is generated from a setter or other 
units (these units can be exclusive ones or operate along with 
tone selection, push keys, etc.) in an electronic instrument. 
In this embodiment, the formant frequency parameter Fc is 
expressed in logarithm. A logarithm/linear conversion table 
33 converts the formant frequency parameter Fc to a linear value. 
A phase data generator 3 4 generates a phase data, which changes 
depending on a frequency equivalent to the center formant 
frequency set based on the formant frequency parameter Fc 
according to the linear value of the formant frequency parameter 
Fc output from the logarithm/linear conversion table 33. For 
example, the phase data generator 34 is formed with appropriate 
means such as a phase address counter, which repeatedly counts 
phase change values based on the linear value of the formant 
frequency parameter Fc . The phase data generated by the phase 
data generator 34 is provided as a read address signal to a 
periodic waveform memory 35. The periodic waveform memory 3 5 
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stores amplitude values at sequential sampling points to 
respective addresses for any periodic waveform (for example, 
sine wave) . The amplitude values are continuously read from 
the addresses specified by the address signals from the phase 
data generator 34. As described, the amplitude values at the 
sequential sampling points on a periodic waveform containing 
the frequency corresponding to the f ormant frequency parameter 
Fc are read from the periodic waveform memory 35. The f ormant 
frequency parameter Fc is set for each f ormant for the formation 
of multiple formants, thereby generating periodic waveforms 
corresponding to the center frequency of each f ormant . To 
achieve this, the periodic waveform generating section 31 may 
perform time-sharing processing to generate periodic waveforms 
corresponding to the center frequency of each f ormant . 

[0024] The amplitude value of a periodic waveform read as 
described above is provided to a multiplier 36, where the value 
is multiplied by the hew sample value CNc of the correlated noise 
signal. The multiplier 36 outputs a signal for which amplitude 
modulation is performed using the correlated noise signal for 
a periodic waveform of the frequency corresponding to the center 
frequency of the desired f ormant . From this process, a noise 
sound signal NS containing a noise f ormant is acquired. In this 
noise f ormant, spectrum envelope characteristics of the 
correlated noise signal itself appear symmetrically in the 
bands on the both sides about the frequency of the periodic 
waveform. 

[0025] An envelope generator 38 generates an envelope 
waveform data ED, which expresses the amplitude envelope of the 
noise sound signal NS according to an envelope parameter EG set 
in an envelop data setting section 41 in response to a key-on 
signal KON input from the keyboard of an electronic instrument, 
for example. A multiplier 3 9 multiplies the noise sound signal 
NS by the envelope waveform data ED in order to provide a sound 
envelope to the noise sound signal NS output from the multiplier 
36. Through these processes, as the output of the multiplier 
39, a noise signal whose amplitude changes depending on time 
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based on the envelope waveform data ED can be acquired. 

[0026] As shown in FIG. 9, when the sound synthesized from 
a noise sound signal NS containing four different noise f ormants 
is generated as a noise sound, the f ormant frequency parameter 
Fc is set for each f ormant , the periodic waveforms corresponding 
to the center frequency of each formant are read from the 
periodic waveform memory 35, and these periodic waveforms are 
then multiplied to the new output value CNc of the correlated 
noise signal, so that the noise sound signal NS containing four 
different noise f ormants is generated in time division. The 
envelope parameter EG may also be set for each formant to 
generate the different formant amplitude envelopes. 
Furthermore, the envelope generator 3 8 may generate different 
formant amplitude envelopes depending on time, while the 
multiplier 39 may multiply the noise sound signal NS by the 
envelope waveform data ED depending on time division for each 
formant. An accumulator 40 accumulates the noise sound signal 
NS generated for each formant to provide a noise signal 
containing multiple noise f ormants as shown in FIG. 9. 

[0027] The noise sound signal output from the accumulator 
4 0 may be acoustically generate a sound via a sound system (not 
shown) after converted to an analog signal via a digital -analog 
converter (not shown) . The noise sound signal may also be used 
as a control signal for modulating tones or other purposes. 

[0028] The following describes an example of the operations 
in this embodiment. A white noise signal generated via the 
white noise generator 2 is input to the low-pass filter circuit 
section 3. The low-pass filter circuit section 3 outputs a 
low-pass noise signal with the spectrum characteristics as 
shown in FIG. 2 (b) , for example, via the calculation section 
4 , where the filter calculation is performed based on the filter 
coefficient K determined by the parameter SK. FIG. 4 shows a 
practical example of the frequency control characteristics of 
the low-pass filter circuit 3. Eight characteristics whose 
changes are controlled in accordance with the value 0 though 
7 of the parameter SK are expressed by the spectrum envelopes. 
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It can be understood from this drawing that a high-pass 
component of the low-pass noise signal, which is output from 
the low-pass filter circuit section 3, stretches (that is, the 
skirt portion of the f ormant widens) in proportion to the 
increase in the value of the parameter SK. In the direct current 
component adding section 12, the direct current component 
offset value OF, which is determined by the parameter RS, is 
added to the noise signal output from the low-pass filter 
circuit section 3 . As shown in FIG . 2 (c) , this addition results 
in the precipitous formation (forming the precipitous peak, of 
the f ormant) of the spectrum level around the zero frequency. 
The noise signal is then provided to the correlated noise 
generating section 16. The correlated noise generating 
section 16 processes the noise signal to a correlated noise 
signal whose bands (that is, bandwidth of the f ormant) around 
the zero frequency or lower frequency is modulated as shown in 
FIG. 2 |d) , based on the calculation in the calculation section 
18according to the allowable change range coefficient h 
determined by the parameter BW. 

[0029] FIG. 5 (a) through (c) show the spectrum 
characteristics of the correlated noise signal output from the 
correlated noise generating section 16 via the low-pass filter 
circuit section 3, when the parameter SK for controlling the 
skirt portion is fixed at the minimum value of u 0" while the 
parameter BW for controlling the bandwidth is changed to "1", 
u 16", and then u 127" . It can be understood from the drawing 
that the band or bandwidth beyond a certain level becomes wider 
in proportion to the increase in the value of the parameter BW . 

[0030] FIG. 6 (a) through (c) show the spectrum 
characteristics of the. correlated noise signal output from the 
correlated noise generating section 16 via the low-pass filter 
circuit section 3, when the parameter SK for controlling the 
skirt portion is fixed at the minimum value of u 7" while the 
parameter BW for controlling the bandwidth is changed to "1", 
"16", and then "127" . It can be understood from the drawing 
that the band or bandwidth beyond a certain level becomes wider 
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in proportion to the increase in the value of the parameter BW. 

[0031] When FIG. 5 (a) and FIG. 6 (a) are compared, it is 
apparent that, if the value of the parameter SK for controlling 
the skirt portion becomes greater, the high-pass component of 
the low-pass noise signal stretches (that is, the skirt portion 
of the formant widens) . 

[0032] Modulating the periodic waveform, which is read from 
the periodic waveform memory 35, in the periodic waveform 
generating section 31 by using the correlated noise signal 
output from the correlated noise generating section 16 allows 
to process the signal to a noise sound signal of the noise formant 
containing the center frequency corresponding to the frequency 
of the periodic waveform. 

[0033] FIG. 7 (a) through (c) show the noise formant 
characteristics of the noise sound signal, when the parameter 
SK for controlling the skirt portion is fixed at "0" while the 
parameter BW for controlling the bandwidth is changed to "1" , 
"10" , and then "80" . It can be understood from the drawing that 
the changes in the bandwidth characteristics of the noise 
formant are controlled along with the changes in the parameter 
BW. 

[0034] FIG. 8 (a) through (c) show changes in the noise 
formant characteristics of the noise sound signal, when the 
parameter BW for controlling the bandwidth is fixed at "5" while 
the parameter SK for controlling the skirt portion is changed 
to "0" , "4" , and then u 7" . It can be understood from the drawing 
that the changes in the characteristics of the skirt portion 
of the noise formant are controlled along with the changes in 
the parameter SK. 

[0035] In this embodiment, as described heretofore , both the 
skirt portion and the bandwidth of , noise formants to be 
generated can be independently controlled by the parameters SK 
and BW. This enables to generate a noise sound containing a 
noise formant that bandwidth is narrow and skirt portion is wide, 
and vice versa, that bandwidth is wide and skirt portion is 
narrow . 



10 



[0036] In the embodiment above, the correlated noise 
generating section 16 determines the allowable change range ±h 
with even vertical intervals based on the previous output value 
CNp of the correlated noise signal. However, the present 
invention is not limited to the above, but the allowable change 
range maybe set in a direction to reduce the difference between 
the previous output value CNp and the preset center value or 
in a centripetal direction, so that the upper and lower limit 
allowable ranges can be complementarily corrected in the 
reverse directions. This correction effectively prevents the 
phenomenon that the correlated noise signal is generated 
disproportionately in the positive or negative direction. 

[0037] The first and second frequency controlling means are 
not limited to the low-pass filter circuit section 3 and the 
correlated noise generating section 16, but other means may be 
employed. The modulating means is also not limited to the 
multiplier 36, but other means may be employed. It is also 
understood that the frequency waveform generating means is not 
limited to the one employed in the embodiment. 

[0038] 

[Effects of the Invention] As explained heretofore, the 
present invention generates a noise sound of a desired formant 
by controlling the frequency characteristics of the noise 
signal according to the parameters, which separately controls 
the skirt portion and bandwidth, and then modulating the 
periodic waveform containing the frequency corresponding to the 
center frequency of the desired noise formant with the use of 
the noise signal whose frequency characteristics are controlled. 
Due to this structure, the invention enables to independently 
control the characteristics of both the skirt portion and 
bandwidth of the noise formant of a noise sound to be generated. 
As the structure is simple, furthermore, the noise formant 
characteristics can be finely controlled. 

[Brief Description of the Drawings] 

FIG. 1 is a block diagram illustrating an entire structure 



of the noise sound generator related to the invention in an 
embodiment . 

FIG. 2 is a diagram showing an example of the spectrum 
envelope of a signal generated in each part of the embodiment. 

FIG. 3 is a diagram showing the generation of a correlated 
noise signal in the correlated noise generating section in the 
embodiment . 

FIG. 4 is a diagram showing an example of the modulation 
control for the filter characteristics, which is performed in 
the low-pass filter circuit section in the embodiment. 

FIG. 5 is a diagram showing an example of the spectrum 
characteristics of the noise signal acquired when the control 
parameter in the low-pass filter circuit section is fixed while 
that in the correlated noise generating section is changed in 
the embodiment . 

FIG. 6 is a diagram showing another example of the spectrum 
characteristics of the noise signal acquired when the control 
parameter in the low-pass filter circuit section is fixed while 
that in the correlated noise generating section is changed in 
the embodiment . 

FIG. 7 is a diagram showing an example of the noise formant 
acquired when the parameter for controlling the skirt portion 
is fixed while that for controlling the bandwidth is changed 
in the embodiment . 

FIG. 8 is a diagram showing an example of the noise formant 
acquired when the parameter for controlling the bandwidth is 
fixed while that for controlling the skirt portion is changed 
in the embodiment . 

FIG. 9 is a diagram showing an example of the spectrum 
envelope of a noise sound containing multiple noise formant s . 

[Description of the Reference Numerals] 

2: white noise generator, 3: low-pass filter circuit section, 
16: correlated noise generating section, 31: periodic waveform 
generating section, 38: envelope generator, 36 and 39: 
multiplier 
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sawf*. Hi»c©«eii©-3fc««k:««y< x*ft 

>^d-^*«^ut^5. ^^-rhy-fx^ 
ifeS2^6»»^$ns**7-<hy-fxm^ii, -1— + 



(4) 
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^lti^. ^$B4^*^^TttiEB^ i 7-r hs-txm 

[0 0 14] -Tfcfr^. S^gB4£:fc>V>T> ^^5§SO 
y^XA^Uli, #7<f hy^X^^fifiWN^A 

jIMU DWXX/^Xm^Wgftleia^fiSLNptUT 

gggs-m, fi&i«itti*©LNp^^y-f hs-ixm^n 20 

£, U 5 y * 8l:i«fc0- 1~+ 1 ©ttfflKU S !v MM 

&{£ tcj& i; t-^-a. 6 n« a ^ > — ^ s k icne -3 x^&t- 

14. 0. 0 6 2 5-0. 7 S0m®to<Dfc&tZ>. *3K 

i 1 oinjM&itii, n-z^xy-rxm-^o^isiai^fiL 

[0 0 15] m2V> (b) 14, t©4k^»:tS»«E4»c^ 
* 7 * ic J: 0 d-;u 7 * 3 frtm 

«£H:£rl4, 7-f A^DRftkfcj&DT. ^oT;t7>- 
[ooi6] XBottftftfttilntt i 214* d-;u7 

Bjfcfl-feftJDU »ST»ld6?n*7*Jl/T>h©K- so 
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nil iaED-/.w7>f;^HttH»3)^&ffi**n& 
d— /^/-rxflt-^o^iHiffl^tti-Nc^ 

^-^RSI:§EoTf-^H 43^&»m*n*KC«ri6 
0 — 7 £TCD 8 ^©A* 5 ^ — ^ R S CD VvF*l30>#»!j£ W 

MAJX. t7ty hfiOFt40-0. 1 2 5CD^S 
2>. fiO^S 1 3 (Dffl7Jl4, jBJC* 'J5y^l4 

offiHy-fX5e*«i etc-s-A&ns. 

[0 0 17] 02© (c) 14, £©£5£UTEWfi# 

Mfefto#i£o[)x^^K;vu^^3ft$n, iaw^ 

[0 0 18] «Hy-fX»&«l 614, i£fifr£#ttJnl$ 
Hift»x^hJW*ft**6fcWffilUfcy-fX«^ c« 

t» «M/-fX©^tvo) ot*d* ft 

#018 t^ffSg 2 2 ftirUTDS. It^fiB 1 8 \Z £0 
TfT/i:5ffl»y<X^!»0|R3SC-DViT}4, H 3 E 
ftORWnt. «M>^Xm*©jlfJ0HWJftCNpfc 
»ttT» gfttf§«&B«#hlCJ^Tife£3n*. 
±TlC*raiH+ Ik -hO»l:lF*«BCNp±hrtT 

?>^Aii»b-r«ffi^>6. cnsf^ray^x^o 
14, tRjroi Bi»$mi}Vittow/'( x®**<o^m-#> 

-fXfl^©W@ttl*«CNptUTttlS»»l 8i^K>Hf 
EO@ttfc:7>f-F/ty£TS. 
[0 0 19] a«|laUfti 9*&ffi**nfctWlaftfl*«C 
N p 14, JDl?:Sg 2 0 & £tft*ffi& 2 1 O 

n^nxTj^na. iras^2 o^ < trmi?sg2 ioiiw 

A£*n*. *3¥«|2 214, y^X7^JUV>hOA> 

B«»itTnkffp«i6Bfffth &m*rs, w^t4, ^ 

^T-^A^n^feOTafeO, 0—1 2 7<D«SH(Dfit^i 

m&m2 z-etezo/u*— ^Bwii^bT^sci 

/6"46*C*Ctt:J:D. 0. 0-2.'0O«BOft 
ftts*fl:«F«llSB«Bh&»fe"r*. inStS§2 0t4, 

wisiai ^ * c n p \z v T&m&mm m& h\zz 



-8 — 



(5) 
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IRUS^ 2 4tC<fcD + l£U:i;:fc&fc^J:3fcite 
14, TW)^v*2 5tc<fcD- lETRrfc^fc^ 

[0 0 2 0] WEUSy^i 4**5ttWjattfcD 

-/1X/-fX«^O^0ffl*fiLN»4iSW«l 7IC#^. 

+ i©tfiWT£fcTSDwxxy>rX«^LNfco. o 

[o o 2 i ] «#S2 6#&to;fr$nfc£fcff#ffix-- 
^14. ^»sg2 siz^sn, mw i 7 otuftflKjK 
s$ns. cnwu o. 0-2. o©«io^fn^o 

ttfcttSXfctWffT 5 -*** 0. 0-1. OCDfcHT 
ffi»BLfcJD»Sns. T!SI&^£iLI4ffiKy-rX^# 
CDlBl^S* 2 9 til -l-+l©«|STftS©f$5> 

^Afct*, «»y>fX«^o^@if>^ecNcS 

[0 0 2 2] 02© (d) »4, ttM/>fXm*&&Kl 

snscticttK flP5-/-rx»^icfe»«fiWiftja» 

[0 0 2 3] Blfli&Jg%£ffi3 114, BffMro/'fX^* 

^^%it5t>©Tfc^, Bfa«>7>fX7*;V^>hO 
^MfeSSS^r?. 7 tJPT> F 

*Fc &Ux7ftffifc£&T*. tt«7 s -*5M=8 3 4 
14, WJ-7^r-^3 3^6ta^J$n^7t 



5) W4-346 5 02 

8 

7 ffl \zm-3 < tett&fcm &&jgL*o>h-r*&ffl7F 
s&ffi^-^te, »«r»»^^y3 6ic»bTKfflur 

&&/^*-*f c fc»ierrs«ftft*^r-r«w»i&» 

© gti « ft If > 7 Jt^ o |g«Btt AtK £ti£n*ii<h£fc: 

3 114, ^»JftMtJ:«3Tft7*;W"T>h*0^iC?® 
[0 0 2 4] ^ h© J: 5 C UTttW*nfcH»»*©S 

auk* «is3 6tc#*.&n* wE«n/-rx®#o 

jig <fX#«*Nsa«»&n*. ioy-fX7t^T>h 
14, atin/^rxmox^hjpx^n-^mim 

[0 0 2 5] XMn-7^4S3 814, mX\W&& 

js&lt, x>^a-Xx-^sa^»4 lt^nfcx 

C0^i{@X>^D-^S:^*rx>^D-^^5 ; — ^ED 
. «»4r5t>©T*6. SHOTS 3 9*4, MSt»S3 6 

40 A^ffl^^n^y-rx : i : (t-^Nsic^tbTcox>^ 

T, i»^3 9©m^tLT, X^n-^&Jf^-* 

e d \zfc^xmmmt8imz4tfcr* j << ^mwh 

[0 0 2 6] ® 9fc*JV>T^Ufc«J:^»C. y-<XWtb 

t, 4^<2&&*/>rX;7*;t^>hc2/'YX : g : ff-^N 
S6^bt^t§t)©^it 7*juv>h^ 

50 »#**U 3 5^Sfe^*;W>h©^«j£&^^ 



—9 — 
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4-Dz>&u*;'iX7*)i>v>h<Dy'< x^f§#N s & x, mmv -uwa± *>swp ^oa>f «a z. ± 
ymzWiisLXs. &7*;v^>b*i;:ftfcs«*gx>^D C0030) Reo (a) #e> CO £-cn x 

7*%tftm-c&4iV* m&ms e" , "127" t&{tzi±tc®&\z&\,*x* d-ax 

tx >^ ed <h cd # > 3 £*iTigra y xss^ss 1 6 a> s 

l^eiH, /^>-*BW<D&te#*^<ft5©lwj£ 
[0 0 3 1] £fc, 05© (a) ^06© (a) £*Jtt 

[0032] mM;^X5€$i&i ea^m^n*:*^ 
[0028I ^n, zwm&momftn— mzmwr 20 «u 3 5&znth2tizmw&m : &&mTzz\£:\z£ 

J )V?®'&mX\L /^vpt-^SKICt^T^ [0 0 3 3] 07tf> (a) (c) £TH X*-h 

«tt). m?L\m2<D (b) fc^ufciSfcx^ww ^jw^o/^^-^bw^ - 1" , "io H , "s 
ft^^-r^>D-/xx/<x^^ai^T^. eutecGo o M ir^b^irfc^fci^tts* iri2y-f x^a-^-o/ 

TfcOX&D* /1^*-^SK<D!&®0~7«ttf;LT BWCD£<blC^CT/-f X7*;l^> hO/t> F"tg©# 

^fbM^n* soeo^tefc-e-n^nx^ khoo* &a^b3amn*;i£#?&mns. 

Q— XICTtkUX^S. A7^SKO [0 0 3 4] 080 (a) (c) £~CH 

^Cfi^^<^^©^i:T^lsIKIK3^6ai*$nS >FiOTffl^7^-^BWS: "5" l:ittt, X 

y < X^Oi««fi^«^ MD7tiV *j-bUfcmm<Drty*-*SKZ: "0" , "4" , 

^>hcDx*-hS5a<i£#*) :i:^a»$n5. d — M 7" \z&itisttm&\z&nz>* Mms-iX^m^ 
?\*y4)V9m&U*fr*>&i*ztt;'ixm^\^ & y4Xy*)w>h&&o&{t&^'?. zwmfrt. a 

tll^D. #1x1*02 (c) \Z7ikVfc&5\Z. m&&0 [0 0 3 5] Z\<D&?\Z. C03feJfiWlC^V»Ttt. tftI2 

©i£#©#^0i^;u**&&fc2ns M0 7t;R z^^-^sk, bw££D. ^-fX?*^ 
\z. ««y<x»£Bn elevens. *w/*x» ^ xzztztb* rt>i*mw<x*-bm*m 

>fXm^£> 09xtf02 (d) \Z7r,Vtz±y\zm&&0 T^^fctJi5. 

CDjj£&igU<te<£*&CD?£J£ (*9^0 7*^T>hOA> [0 0 3 6] tl&, ±ffi^J6WTtt, ftP|y-fX%±^ 

h«) feRHEwwufc«w/-fxe*niinx"rs. i6ir*s^T, ^w/-rx(g^oisia*flicNp$:^ 

[0 0 2 9] (a) .^e. (c) *Tll X^J-h, t It JbTfc^MIW©3Efl:H ; #«W± h A^^nai 

n>H*sw^o^7^-^Bw$ "i" , "i 6 M , ty>bmztt?zifi\3&t!facNv<D~rti\zi&'CT* 
u i27" £&ikz j £tc*%-£\z&^T. d-/u7^jv n&m*>-?J5fa\z, -r^t>^^Disr«j^^o<t .5 \z. -t 

—10— 



^4 011. tD^C?D < tpCLT%±Snfc^7*J^>h 

ct^^Sc©y-i'X7^;v7> h^e>^^/-rx#m-^ 
[0027] 7^-Au-5 r 4 o^^m*snfcy-f 



(7) 
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[0 0 3 7] m 1 2 H&ftfflft^Bfctt. /xx 

a, 

[0 0 3 8] J0 

iwwrsfc»©/T^^-^fc«eoT/-fXfi^©«ift«c 
*tt«j*fctw»u tt«ifi»rtwt*tiWfisnfcy<x 

OTfci Di9rfloy<X7*>P7>hO>t>i&MWRI=M 
flfrM coy^X7*JUT>bco/^ X# £&&*r 5 cot 
y xipo j <i xy * jkr > b \z$$vz> x a— hss©4# 

[BBoffijfrHRgu 

[Mi] c: y >f x*»&H6So-swii« 

[S2] mmmmv>&m&\z&KT&§it<tiz®^<» 




JSBtt (Hz) 
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[B 3 ] HMfiWfcfcttaraHy x«*«<o*w« 

[B 4 ] EMWUfcfctt* o-;u y j )V9 ®&mz 

£*y<(fr*ft&<D-pi&timm*:i&wT*m. 
m 5 ] nmmic*tt& D-^x7-fHiWc 

w 7^-^ zmtz e>n* / -f x 

[06] PMtMlz*!** D-/tx 7 >< BMtc 

^J6(WW/ , «9^-^t*fl3*nfc»^ic#5n*/-fX 

e y < xy *)w > h a. 
s^icft sii* ^ -r x^ * Jt-T > h ©— eus^-ria. 

[^#coi»^3 

'3 8-x>^a-^m 3 6, 39— nyn. 



[0 3] 
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